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@ Drain system for fuel processor apparatus. 

(§) A drain system adapted for use in fuel processing 
devices, as welt as in otiier fluid equipment applications, 
includes sensing means for detecting the presence of a 
predetermined quantity of water or other impurities sepa- 
rated from the fuel, or the presence of other fluids, in an 
enclosure or container. Drain means are also Included for 
discharging at least a sut>8tantial portion of the predeter- 
mined quantity in response to said detection of the presence 
thereof. The drain means is preferably actuated and deactua- 
tion by automatic control means in order to maintain said 
water or other impurities, or said other fluids, at or below the 
predetermined quaathy. The fuel processing device herein 

^ further includes means for heating fuel in order to prevent 

^ fuel waxing and clouding. Several embodiments are de- 
scribed which are particularly useful for treating fuel as it is 

Q transmitted to an engine or other consuming device whereas 
another embodiment describes a fuel processing device 

^ particularly adapted for treating fuel es it is drawn from and 
returned to the fuel tank. 
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DRAIN SYSTEM FOR FUEL PROCESSOR APPARATUS 

BfrgnRmwD w n mMMARY or "mK iwEwrTON 

Ae invention rel&teE generally to autooatic drain B/steoB and 
more particularly to such drain fiystess for fuel proae&sing apparatus for 
diesel and other types of engines. 

In the past, vfaen diesel fuel anS other lydrocaz±)on fuels were 
plentiful and relatively inexpensive, there were significantly fewer 
problems with the quality of the fuel because of the substantial 
competition beb^een sellers of the fud. Refineries, distributors, and 
retailers were careful to keep water out of the fuel, and th^ usually did 
not punp out the heavy settlings and water from the bottom of the fuel 
storage taiiks* In sore recent tises, facwever, because of ^rtages of oil 
and other factors, fuel sup^iers can readily sell essentially aU of 
their available oil with little difficulty. Mso, in the pkst, kerosene 
and other f uds with lower doud and pour points were blended with diesd 
fuel to facilitate cold weather flour and use. Pu^ allocatims due to 
gosrerment regulations, oil shortages, and other factors have now made it 
almost impossible to continue this practice. The result of these 
developments has been a distinct tendency toward lower quality fuel 
containing substantially nore ispurities, such as water, waxes, beau^ier 
ocirpounds and particulate materials, whidi are vezy disn^ative to the 
proper operation and starting of a diesel eigine. Ihus, one ijiportant 
object of this invention is to provide a mw and isoproved fuel processor 
apparatus particularly for diesel trucks and other die6el--powered 
automotive v^des to remove water and other iitpurities from the diesel 
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fuel and to provide inproved weans for draining the water or ther 
iDpurities frosn the processor t^aEaratus. 

An improved fuel processor apparatus broadly includes a 
fluid-tight chanber or canister through lAich the fuel flovs and in vhich 
^ter and other ispurities are separated in a lover portion of the cfaaniser 
or cannister. In accordance with the invention, a filing qiparatus is 
located in Oe Iwex portion of tbB cfaaaiier for detecting the presence of 
a predetermined quantity cf vater or other ispurities, and a drain device 
is actuahler either sanually or preferably autonaticallyr in re^cnse to 
detection of said predetennined quantity to dis^rge at least a 
sd36tantial portion of the vater or other inpurities in order' to naintain 
them at or l?€lou said pcedetezmined qtsmtity. Ih a preferred form of the 
invention, autoxatic control means is provided for automatically actuating 
the &ain device in response to detection of said predetermined quantity 
and for autooiatically deactuating the drain device in response to 
detection of a second lower quantity of such vater or other ispurities. 
In such preferred form of the invcattion, the cpsantity of water or other 
izt^uritles is maintained generally between said predetermined and second 
quantities in order to substantially ensure that fuel is not discharged 
^dien drain device is actuated. 

'Shis invention oontesiplates fuel processing ^sterns wfaidi are 
located within an ^igine sispgly circuit and further systems yebidx are 
enployed to drw fuel f ram a tank and recirculate it to the tank after 
processing. 

Additional objects, advantages and features of the present 
invention will become apparent from the following description and the 
appended claims, tsk&k in ocmjunction with the accccpanying drawings. 
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Figure 1 is a perepective view £ a £u 1 processing device 
constructed in accordance with the present iziventionr partially broken 
awfsy. 

Figure 2 is a vertical diaioetric sectional view of the fuel 
processing device of Figure 1. 

Figure 3 is a sdienatic representation of one optional entoodinent 
of an autORBtlc drain ef^stem in accordance with the present invention. 

Figure 4 is a schematic representation of another optional 
e±odinent of an autooatic drain eystem in acoordance with the present 
invention* 

Figure 5 is a scfaenetic representation of still another optional 
edx)diiient of an autonatic drain s/steoi in acoordance with tiie present 
inv&ition. 

Figure 6 is a schesnatic viem of another optional enbodinent oC a 
fuel processor according to this invention cost preferably estflcyed within 
a fuel processing system which draws fuel from the fuel tank and 
thereafter returns it to the tahk. 

Figure 7 is a cross sectional view taken along line 7-7 of Figure 
6 particularly illustrating the internal con^nents within the fuel 
processor c/lindrical enclosure. 

DEIMLEP DESQUPTIC^ PF THE PREFERREP EHBODIMENTS 

For purposes of illustratioUf Figures 1 thrcHigh 5 of the drawings 
illustrate exensglBXS esbodiments of the presat invention as incorporated 
into a diesel fuel processing BE^aratus having an electric heating elenent 
and an integral filter section with a filter cartridge therein. One 
dcilled in the art will readily recognize froso the following discussion 
that the principles of the invention are equally applicable to other types 
of fluid separator devices as well as to other types of f od processing 
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apparatus ther than that shown in the dratfing&i including the fuel 
processing devices disclosed in U.S. Atent N9. 4,368r716, issued Januuy 
18, 1983, and oopezding appllcatim, serial no. 267,149, filed July Z7, 
1981, both of vfaidi are assi^ed to the sme assignee as the assignee 
herein. The disclosures of said patent and said oopending application are 
incorporated ty reference herein. Ihe enibodijzEnts shown ty Figures 1 
throu^ 5 are most preferably €n{£Lcyed within the fuel sa^y circuit of 
the 2iDtor vehicle engine. In this ssannex, fvnel is treated as it is dram 
ty the engine fuel supi^Ly fi^stem. 

Reference character 10 designates generally a fluid-tight 
open-topped cylindrical enclosure or chasiber to which a gasketed 
fluidH:ight oover 11 is resombly and danpin^y secured fay veasm of a 
idng nut 12. K tvo^^xirt tubular support and conduit assenbly designated 
generally at 15 is positioned axially in the dianber 10 and has a bottom 
section 16 rigidly and threadably secured in, and upstanding from, a 
suitably tapped opening 17 in the bottom wall 23 c£ the chaober 10. !Cbe 
support and conduit assembly 15 has an upper section 18 rigidly and 
threadably attached to the lower section 16. She interiors of the titeaar 
sections IS and 18 cossnunicate to define an axial passage 20 which 
CQxsunicates with the exterior o£ the cfaasber 10 through a fitting 22 to 
whidi a fuel outlet conduit {not shown) is adapted to be sealingly 
attached. !aie threadably interf itted nale and fenale portions 24 and 24a, 
respectively, of the upper and lower sections 18 and 16 serve as xoeans for 
rigidly supporting a costbined baffle and filter supporting plate 25 
claznped therebetween. Si^^porting plate 25 is of a dianeter slightly less 
than the inside dianeter of the canister or chanber, therety pcoriding a 
relatively narrow annular slot 26 for a purpose described below. !3he 
UEper end of the tubular section 18 is ti^iped to threadably receive a stud 
14 for attachment to the wing nut 12 and to provide a firm jst^port for 
attadsnent of the cover 11. 



0150120 

A fuel inlet fitting 30 attadied to, and extending through the 
bottm mil 23 of ti)e chanber 10 i6 adapted to deliver fuel to the lower 
chasdber portion 32 below the aupporting plate 25 « An inlet pipe 33 
connected to the fitting 3D extends upwardly within the chanter 32 and has 
an outlet generally tangential to the inside wall of the cbBEober to ispart 
a rotary notion to the fuel therein. 

OSie fuel flows upwardly from the lower chanber portion 32 through 
the gap or slot 26 into the upper chanber portion 35 above the supporting 
plate 25. After passing inwardly through a filter element 50, the fuel 
wters the upper passage portion 21 in the upper si^iport tube section 18, 
ty vzfy of radially-extending holes 36, and is then oonv^ed dowwardly 
throuc^ passage 20f out through the fuel disdiarge fitting 22, and to the 
fuel inlet of the engine* 

An electric heating element 40 is provided in the lower ci^anber 
portion 32 and is bent to an inverted D-^ped form, having its lower ends 
in occsnuni cation with electrical connections 42 and 44 being supported in 
the bottom vail 23 of the chanber. It should be noted that the tippei end 
of the heating element 40 extends to a position close to the gap 26 
through which the fuel flows to the upper chamber portion 35, which 
contains the filter 50. If a different of heating unit is ei^ofe&, 
such as the fluid-oonveying tubular beater shown in the above-sentioned 
Q.S. Patent No. 4,368,716 and in the copending apEfl.ication, serial no. 
287,419, it also projects upwardly f roo the bottom wall to a position 
close to the gap 26 so that its tipper portion is positioned oocrparably to 
the bight portion 41 of the heating elenent 40. Such a heater, as well as 
other types of heaters known in the art, sey be substituted for the heating 
element 40 shown in the drawings herein for purposes of illustration. 

te is best ibown in Figure 2, the bight portion 41 of the beater 
dement 40 is sli^tly spaced from both the supportable plate 25 and the 
inner wall f the chamber 10* Thus when the ignition system of the 
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vehicle is energized, tbe heating element is also energized and vanned 
V ry quickly, and consequently the fuel close to the beating elemnt 
i£ al&o warned very quidcly* Thie is important in oold weather r because 
wax czystals which have fonaed in the cold fuel tend to readily dog the 
filter elenent 50. When the beating element 40 is initially mergized, 
there is insufficient beat build-iqp to heat all of tbe fud adequately to 
melt vax or ice crystals^ but only a email ancunt of heat is needed to 
aelt such cyrstals in a sniall region of the gap 26 and ttie lower edge of 
ibe side of tbe filter 50 that is adjacent tbe bigjit portion 41 of the 
beating elenent. Kith this heating elenent construction, the portion of 
the fuel f Icving through the gap 26 at a position close to the bight 
portion 41 of the heating elesnent is sufficiently heated quickly enough to 
maintain a clear r wax-free path or "windcv* throu^ the filter 50 until 
tbe fuel processing ^jparatus, and the engijte it&dfr can reach nonoalf 
steady state operating tenperatures. IDien tbe fuel in tbe entire lower 
chanter portion 32 is warmedr it of course freely flows i^ardly through 
tbe entire annular gap. 

Ote bottoD wall 23 of the cbanter 10 also supports a drain valve 
sieans, indicated ^nerally by reference noroeral 45, for disdiarging water 
and other ispurities that have been separated out into the lower chanter 
portion 32. Preferably the drain valve ineans 45 is an electric 
solenoid-operated valve, as cihown in the drziwings, but sey alternately be 
operated manually or by pnematicr ]¥<3raulic, or other seans known to 
those skilled in tbe art. A chanter quantity sensing neans, indicated 
generally reference nurseral 55, is also provided for detecting the 
presence of various quantities of water or other inpurities in tbe lower 
chanter portion 32 and for generating a signal in response thereto. ![he 
fuel processing apparatus nay also optionally, if desired, indude a 
dsanter tenperature s^ing scans 48 for detectixvg and monitering the 
tesqperature of the water or other fluids or inq^urities in the lower 
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cfaanber portion 32 and for generating a signal in response to detection of 
said temperatures belcw a predetermined value. The function and 
interaction of the drain valve means and the chanter quantity sensing 
means, as wdl as the optional chairber tenperature sensing means, are 
discussed and explained below in connection with the schematic 
representaticnB of various entodiments of the inv&ition illustrated in 
Figures 3 through 5. 

The filter element or cartridge 50 may be of a known 
conniercially-available cylindrical drqpnin ^pe, supported and damped 
betbreen the cover and the surpporting {iLate 25 on suitable hub portions 13 
and 19 projecting from the cover and from the t^per tube section 18, 
respectively, with suitable gasketing means being provided as indicated at 
51 and 52. Alternately, other filters of the drop-in, internal, or 
spin-on types, as disclosed in the above-mentioned U.S. Patent Ko. 
4,366,716 and in the copending application, serial no. 287,419, for 
exas^e, sey be €si{3.Gyed« 

7!he fuel processing unit is adapted to be mounted in a suitable 
location by means of a bracket 56 at a position iriiere the upper portion is 
readily accessible so that idien desired the cover 11 mgy be rcsnoved and 
the filter element 50 replaced. 

Figures 3 through 5 scheniatically illustrate several exezrplazy 
variations of the preferred form of the present invention. In the 
variation of Figure 3, the lower portion 32 of the chanber 10, ^db is 
under a positive pressure, includes a chanter quantity sensing means and a 
drain valve means. !rhe sensing means preferably ocsprises a dianber fluid 
levd s^or 60 having an electrical probe 62, a lower portion of which is 
surrounded by insulating means 64, extending generally inwardly therein. 
The drain valve means preferably ccnprises a solenoid-c^rated valve 70 
located at the bottom of the diaxnber and having at least one inlet 72 and 
an outlet 74, which are configured such that the valve 70 presides fluid 
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coonunication bet»reen the Interior of the lever chanter portion 32 and the 
exterior of the chand^r 10 when actuated and prevents such fluid 
connunication vfaen deactuated. 

The d»Rber fluid level sensor 60 is adapted to generate distinct 
signals vhen the electrical probe 62 is exposed at various points along 
its vertical length or height to one or inore fluids having distinct 
electrical characteristics, suc^ as electrical conductivity or resistance, 
for exaiif)le. The sensor 60 is connected bf vay of an electrical conductor 
61 to an autonatic controller 80, and similarly the solenoid-operated 
valve 70 is connected bp of ^ectrical conductor 63 to the controller 
80. 

In operation of the Figure 3 variationr water and/or other 
ispurities are sqarated from the fuel and settle to tibe bottom of the 
lower chanber portion 32, there£)/ creating an interface between the fuel 
and the water ancl/or other ixtc»rities« Since the fuel and such vater 
an^or inpurities typically have different electrical characteristics, the 
signal gyrated ty tiie probe 62 changes as the level of such interface 
BDves vp and down its vertical length or height. Sudi signal therefore 
changes as greater quantities of vater and/or other inpurities are 
separated f rem the fuel in the lower chanber portion 32, ranging f rtm a 
condition ^rein the interface is at a level below the tipper end of tte 
insulating aieans 64 and the pr<^ 62 is ejqposed only to fuel, to a 
condition wherein the interface has risen to various interxoediate 
positions on the probe 62 so that the prcbe is eaiposed to vajying anounts 
of fuel and water anfi/cr other inpurities, and finally to a condition 
i^rein the interface is at or above the qper end of the prcbe and the 
probe is exposed only to water/iirparities. 

trbe controller 80, which preferably cojnprises a conventional 
Bdcroprocessor unit or other electronic circuitiy known to those skilled in 
the art, is adapted to receive, and differentiate between, the vasying 
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BlgnalB from the sensor 60 as the iKtl of the abcve-Dentioned intezfaoe 
Changes. Snis the controller 80 is {re-set, adapted, oi progranned to 
cause the scilenold-operated valve 70 to be actuated at a predetendned 
hi^ level of sudi interface between the fuel and Oib vater an^or other 
iApuritiee, sucji as at the level 90. Ihe 0Qntr(d.ler 80 is also pre-set, 
adapted/ or programmed such that when the valve 70 is actuated, the 
wter ancVbr other inporitles are discharged throogb the outlet 74 of the 
valve 70 until the level of the interface recedes to a predetermined low 
interface level, such as the level 92, at which tine the valve 70 is 
deactuated and dosed. !I!bas the guantitj^ of vater an^or other ispurities 
in the chanber 10 is naintained generally bebreen the predetendned levds 
90 and 92. It ehotild be noted that tlie level 92 dxnAd be establidied so 
that the interface is above the inlet 72 of the valve 70 in order to avoid 
dunping or discharging fvel along vith ti)e water an^or other impurities . 

If desired in the Figure 3 variation, as well as in azy of the 
other variations or eabodixnents of the invention shown and described 
herein, the teniperature sensing scans 48 Wf optionally be included and 
connected to the controller 80, such as ty vey of electrical conduc±or 65, 
to override and prevent the controller 80 from causing the valve 70 to 
discharge the water anVor otter ispurities if the teoperature in the 
lower dmber portion 32 is below a predetermined tenperature level. Such 
predetennined teniperature level should be di^itly above tiie freezing 
point of the nixture of water and other iinpurities in order to avoid 
danage to, or iisproper operation of, the valve 70 due to frozen solids 
being introduced therein. Additionally, if desired, the beating element 
40 ves optionally be connected to a power source (not shown) by way of the 
controller 80 so that the controller may also be used to regulate the 
pcwer to HiB heating elesent in response to signals from the tcs^serature 
sensiilg means 48. It shcniLd be noted that the tenperature sensing means 
48 ma^ comprise a thermostat device, a thermistor, r other such 
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teqperature sensing devices kzKwn to those skilled in the art. 

variaticm of the preset iin^ention represented scheratically 
in Figure 4 is substantially Blmllar to that descxibed above in connection 
with Figure 3, ezo&et that the exen{iLa!Y single^obe chanter £luid level 
sensor 60 of Figure 3 is replaced tg an exaqplaxy dual-probe dbaober fluid 
level sensor 60' » Chamber fluid level sensor 60* includes a pair of 
electrical probes 66 extending generally cprardly in the later diaaiber 
portion 32 and located closely adtjaoent to one another. Sbos, rather 
the 6ingle*]^obe sensor 60 sieasuring electrical conductivity or 
resistanoer for eacaiqple, between ite single probe and the wall of -the 
chanber 10 or sooe other id.ectrode therein, the Osal-probe soisor 60' 
sneasures such electrical quantities between the two probes 68, themselves. 
Because the prcbes 66 are located dose to each other relative to the 
distance between the probes and the %rall of the chasi^er, it is believed 
that the dual-probe sensor 60* is capable cf sore accurate seasureDDents cf 
the level of tbe interface between the fuel and the water an^or other 
iiBparities. BaA increased accuracy is believed to exist cspRrially lAn 
tiie f processor apparatus is disposed at an attitude sudi that the 
flui& therein are not substantially bDrizontal, such as when a vehicle 
having the apparatus ttereon is traveling on uneven terrain or is engaged 
in sharp cornering saneuvers, for exaaple. 

The chaisber fluid level sensor 60* is adapted to generate 
distinct signals when the probes 68 are es^osed to one or mxe fluids 
extending between them at various corresponding levels along their 
lengths. Obus because the fu^ and the water anc^/or other isporities 
typically have differett electrical characteristicsr such as condbctivity 
and resistance between the probes 68, for exas^^, the sensor 60' 
generates a signal that changes as the lev^ of the interface between the 
fuel and the water or other ispurities scves tip and down at various levels 
on the probes 68. Sius, such signal changes, as is described above in 
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connection vitb Figure 3« as greater quantiti s of the vater an^or other 
ispuriti s are separated £rm the fuel in the lonmr chanter portion 32. 
As is also described abore, the controller 80 is pre-set/ adapted, or 
progranned to receive and differentiate betifeen the varying signals from 
the sensor 60* in order to actuate the sdlenoid-qperated valve 70 at a 
psredetennined high le\r^ of the interface, such as at the level 90, and to 
deactuate the solenoid-operated valve at a pacedetenoined low levd, such 
as the level 92. 

The variation of the present invention vhicb is represented 
BdiBiBtically in Figure 5 is siibstantially sinilar to tlsoee Axrni and 
described above in connection with Figures 3 and 4, but is partioilarly 
adapted f cm: use in a chanter 10 that is under a negative pressure. Such 
negative pressure at least inhibits, if not prevents, the mter waB/oi 
other iitparities from being disdsarged under the force of gravity through 
the solenoid-operated valve 70, as in the positive-pressure arrangements 
shown scheEnatically in Figures 3 and 4« *Eherefore, the solenoid-c^rated 
valve 70* in Figure 5 includes a pump means 96 incorporated therein. 
!!!hu8, yitisn the controller 80 receives a signal front the dianter fluid 
level sensor 60 or 60', vhich corresponding to an interface level at the 
predetermined level 90, the controller 80 causes the solenoid-operated 
valve 70* and the pus^ means 96, vhich is preferably a positive 
dis^aacesent punp, to te activated to forcibly disdbarge the vater or 
other iitpurities fran the chanter 10* Hben the interface levd reaches 
the level indicated at 92 r the contrciller 80 causes the solmoid-qgerated 
valve 70* and the puinp means 96 to be deactuated. Alternat^yi the 
controller 80 may be pre-set, adapted, or programmed to actuate the 
solenoid-operated valve 70* and the pimp means 96 only for a predetermined 
time period after the fluid level sensor seises an interface level at the 
predetedtdnd high level 90; In still another altecnate version of the 
arrangement diom in Figure 5, sudi predetermined timed actuation of the 
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eolenoiohoperatea valve 70' and the punp veans 96 na^ be asea u 
conjunction with Ite above-describecl actuation and deactuation in' response 
to toterfaoe levris M and 92, reqectivelyr and therefore serve as a 
redundant back-up feature for suds normal operation. It Ghoiild be noted 
that the arrangement shown sdhenatically in Figure 5 alternately 
include either a single-probe sensor as in Figure 3 or a siulti-probe 
sensor as in Figure 4« 

It should be esstesized that although the present invoition is 
shorn and described herein, for purposes of illustration, as incorporated 
in a fuel processing q^paratus for separating water and/or other incurities 
from the £u^, the invention is not so Ittnited. One skilled in the art 
will readily recognize that the invention/ as described and illustrated 
herein, has vide-^ead apiaicaibilily and adaptd>ilif3' in azi;^ nisber cf 
devices or systems in whidb aiaterials having distinct electrical 
characteristics are to be aonitered and drained from an enclosure or 
container, for exenple* 

An additional erbodanent of a fuel processor apparatus according 
to this invention is described with reference to Figures 6 and 7« Sue 
cnbodinent described li^^ those Figures is pcefer^y eniAcyed in connection 
irith a fuel processor system which draws fud from the fuel tank, 
ciraOates it tturough the fuel processor, and then returns it to the fuel 
tank* Such configuration does not require fuel flow to an engine or 
anotter fuel consoning device in order to treat the fuel. 3his ostein 
penaits f ud in a fuel tank to be treated irrespective of operation of an 
engine or other fud oonsudng device* Aus, toA be drawn frcm the 
tank, circulated through the fuel processor where it is heated and water 
is renpved ax^ then returned to the fuel tahk, 

A fu^ prooesBor generally referred to by reference character 108 
say incSlude a consietely ^jdosed cylindrical vessel HO fondng fluid, 
inlet 112 and fluid outlet 114. Fluid inlet 112 is located near the 
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vertical center of cylindrical enclosure 110 vhich ie el ngatefi in a 

vertical directicm. fluid outlet 114 is located at or near the vertical 

top of the endosure 110. Hiis configuration pennits water t vhich has a 

specific graviiy greater than that of the fuel ooitained %dthin fuel tank 

116 r to settle to the bottcn region of i^lindrical enclosure 110, as 

pretrioufily described. Fuel processor cylindrical enclosure HO is Gihown 

without an internal particulate filter, unlike the previously described 

enbodinents* Since fud circulating ti^ough processor 106 Is returned to 

the fuel tank, and not to the engine, Bndh a filter is unnecessary* 

Boifever, it wg be desired in feme ap^ilications to provide such a filter, 

and sud) rodif ication is entirely within the scope of this invention. 

Fuel processor 108 is connected to fuel tank 116 via inlet 

conduit 118 and outlet conduit 120;- Kithin inlet conduit 116 is inline 

fuel punp 122 which is preferably energised 1:^ electrical pover. is 

evident 1;^ reference to Figure 6r fuel is dram from near the bottcm of 

fuel tank 116, circulated through fuel processor 106 and returned to Hne 

fuel taxdc at a point scoae distance f rcQ the inlet conduit picdcqp. h fuel 

tank vater sensor 124 provides a signal respcmsive to water accumulation 

within the fuel tank. Fuel tank 116 me^ also include a tes^rature 

easing s{)]^atus 126. As will be subsequently described, fuel tank water 

sensor 124 will function to energize inline fuel pump 122 when a 

predetennijied quantity of water or other inpsrity is sensed within fuel 

tank 116 « Tessperature sensor 126 within fuel tank 116 xd2^ also be 

cn^lcyed to energize inline fuel punp 122 when tiae fuel tenperature falls 

baLw a desired level. 

Fuel processor 108 employs many of the dements previously 

described in connection with other enibodiiaents of this invention. 

Cylindrical enclosure bottom HI forms a mounting location for a solenoid 

operated water valve 70, having an iidet 72 and an outlet 74 acting to 

controllably permit the discharge of r retention of fluid within 
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cylindrical enclosure 110. In the event that inline fuel punp 122 Ib 
connected to ootlet cox^uit 120, causing a negative fluidic pressure 
within enclosure 110» it will be necessary to re p l a c e solenoid operated 
water valve 70 with a puop seans 96, as previously d&scribed. Beating 
element 40 is also installed within cylindrical enclosure 110. As 
previously described, suc^ a heating elesent laay coo^ise an electrical 
resistance-t^ heating desnent or a nwter of other types, teiperature 
sensing seans 48 is further incorporated within &e cylindrical enclosure 
110, and preferably located in eiclosure botton 111* 

VhiB embodiiaent of the invention further features a i&odif ied 
system for sensing the presence of water within fluid contained by 
cylindrical enclosure 110. Itatber than enploying vertically elongated 
probes sucb as indicated by reference character 62 in Figure 3, and 
r^erenoe diaracter 68 in Figure 4, this entodizDsnt features a pair of 
eubstantially flat probes 128 and 130 installed within the side surface of 
enclosure 110 which are both installed at an equal vertical height. 
Probes 126 and 130, like prcbes 62 and 68, provide a signal responsive to 
the differixtg electrical characteristics of fuel and water or inpurities 
and are insulate elec±rically fran &K:losure 110 ty insulators 148 and 
150 in the event that the enclosure is fonaed from an electrically 
conductive loaterial. Preferably, a pair of such probes are located 
directly opposing one another and oriented such that th^ face the fore 
and aft directions of the associated sotor vehicle. Sudi configuration 
permits the water sensing mechanism to compensate for the affects of 
vehicle acoeleratim. and deceleration lAiicfa causes the: interface surface 
between retained water and fuel within the processor to became inclined. 
Aese effects ms^ be fyirjppnsntfid for by requiring that both probes 128 and 
130 detect the presence of iaipurities before valve 70 is caused to 
disdiarge fluid. Further, the effects of transient changes in the fluid 
within eidosure 110 may be minimized ty requiring ttot the probes sense 
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the presence of iapuritiee for at least a miniirum period of timer for 
exanple five secondB* The means for detecting tiie presence of ispirities 
within enclosure 110 including probes 128 anfl 130 is equally useful if 
used in connection with the embodiment of the invention previously 
described and such use is entirely within the scope of this invention. 

Probes 128 and 130, unlike the earlier described pcdbaB 62 and 
68 f are not. capable of providing signals responsive to several pre- 
determined quantities of water retained within enclosure 110, tiierefore 
neans are provided to cause a desired quantity o£ fluid to be disdiarged 
f ran solenoid operated water valve 70 in tiie event that water is detected 
as is described below in connection with the operation of the cyBtero* 

Controller 80, preferably of Integrated circuit-type, operates to 
perform two distinct functions when used in connecticai with the enixjdijnent 
shown by Figures 6 and 7. A pair of electrical conductors 132 and 134 
transnit signals betweei controller 80 and fuel tank water seisor 124 and 
fuel tank tertpftrature sensor 126. Signals generated ty these fuel tank 
BDunted sensors are cscaqyed by the controller to selectively afiergi^e and 
de-energize inline fuel punp 122. ![hu&, when a predetermined level of 
water or other iitpurities is seised within fuel taric Ufi, inline fuel punp 
122 is caused to energize and circulate fuel through fuel processor 108, 
imixie fuel pmp 122 may also be caused to «ergize when tank tenperature 
sensor 126 detects a fuel tenperature belm a predetermined level, and 
would be caused to de-energize once the fuel temperature is wanned 
sufficiently by fuel processor 108. 

Oantroller 80 also functions to monitor the conditions within 
fuel processor 108 to selectively cause solenoid operated water valve 
70 to allow material accunulating within cylindrical enclosure 110 to be 
dumped or retained as desired. Sensors 128 and 130 are connected to 
obntr^ler 80 fay oonSuctocs 136 and 138 respectively. Similarly, valve 70 
is connected to the controller tay conductor 140. Thus, when a pre- 
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determined level of water or other ijipurity forms within cylindrical 
enclosure 110 and the tencierator is above a predetermined level, solenoid 
operated valve 70 is caused to drain ispurities from within the 
cylindrical enclosure until the impurity level reaches a second 
predetermined level r at which tixie solenoid operated valve 70 is caused 
to block the flow of material out of the cylindrical enclosure. As 
earlier described, probes 128 and 130 are capable of detecting only one 
predetermined quantity of water retained within enclosure 110. !rhi8 
predetennined quantity %^ich probes 126 and 130 respcand to is a function 
of their vertical positioning within enclosure ' 110,. Ohis predetermined 
level occurs as tiie interface betwesi fuel and water in the enclosure is 
at the position indicated by line 146 whereupon the interface readies both 
sensors 128 and 130.. Since operating solenoid operated water valve 70 
only when both probes 128 and 130 are exposed to the ispurities would 
result in undesirable r«pid cycling, other means of oontr<dling Ite valve 
are preferred. For exanple, once inpirities are detected by tte probes, 
valve 70 coudd be caused fay controller 60 to open for a predetermined 
Oration, calculated to cause the esipulsion of a desired portion of the 
fluid easting below the level at whidi probes 128 and 130 are pOaced. 
n>e quantity of fluid iMch would be expelled over a given time duration 
can be estimated fay opening the valve only %d)en pucip 122 is operated. In 
sudi conditions, it could be assimied that all of the fluid punped fay the 
pwp is di^flacing fluid within enclosure 110 wfaidi is being dunped fay 
valve 70. Ibis assusption can be made since the fluid flow path of 
resistance is much less restrictive through valve 70 as conpared with 
outlet conduit 120, and therefore, lAsen the valve is opened the fluid flow 
throu^ ttie outlet conduit becomes negligible. 

Cbntroller 80 may also be enployed to mosiitor the teoperature of 
fluid within enclosure 110. By receiving a tenperature signal sii^ied by 
sensor 48 via conductor 142, ^ electrical power provided to beater 40 
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through conductor 144 can be nodtaated. In addition, a ten[aerature signal 
sey be used to prevent the pening of valve 70 vhen ioe hae formed in the 
radosure, thereiy preventing duiage to the ViBlve. 

The foregoing diecuBaion diecloBes and deacribeB exemplary 
enbodinents and variations of the present Invention. One dciUed in the 
art vill readily recognize from such discussion that various changes, 
nodifications and other variations nia^ be made therein without departing 
from the spirit and scope of the invention as defined in the fblla;ing 
caains. 
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1. 3h a fuel processor cperative to separate out xmtjsr or 
other jjrpurities frcm fuel, the fuel processor ircltataing a chantaer 
«^apt«^ to receive tte fuel flowing thezethrou^, the mter in the fuel 
or other iirpurities being separated into a lower portion ci liie dianbert 
the improvement ooiprising: 



chanter quanti*^ sensing means 
located in the chanber for detecting 
- the presence of at least cne 
. predetermined quantity of water or 
other iii|jurities therein said dianter 
quantity sensing xneans including at 
least one electrical ocsntact disposed 
%d.th3A the side surface of the 
chaniser; 



drain means actuatable to at least a 
portion of the water or otiser 
ispurities fLCiCt the chanter in 
ze^xxise to tiie detectim of said 
predetenoined quantity of water or 
inpurities fcy said dianber quantity 
sensing neansf and 

control means for causing actuation 
of said drain means in response to 
the detection of said predetemuned 
quantity or other inpirity in the 
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vher^ the qiantity of said vater or other inpurities in the dhartaex is 
raintained at or below said predetexinmd quantity* 



2. Sie inproved fuel processor according to daim 1 wherein 
a first a7>d Becond sensing loeans are provided located at exposing sides 
of the dharter. 

3« The inproved fuel porooessor according to Claim 2 %^ierein 
the fuel processor is adapted for use cn a motor vehicle and vterein 
said first and second sensing means are oriented in the fore and aft 
directions of the motor vehicle. 

4. !Ihe iiEpro ve d fuel processor according to Claixn 2 iterein 
said oontrol means causes actuation of said drain xoeans only vhen both 
said first and seccnd sensing ineans detect presence of vater or 
other inpurities in the chanter. 

5* !Che improved fuel processor according to Claim 3 t^ierein 
said control means causes actuation of said drain means only «^en both 
said first and second sensing means detect the presence of vater or 
other / impurity in the dhsr^xx for at least a first preselected tiste 
period. 

6. !Che inpcoved fuel processor according to Claim 1 i^herein 
said control system ^uses deactuation of said drain xteans after a 
second poreselecbed tire period has elapsed. 

7. Qie inpcoved fuel processor acoordixig to Claim 1 %texein 
the fuel processor further includes teRperature sensing means. 
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8. tte Sstprav&A fuel pcooessor aocoocding to daim 7 ighsxean 
said taqperature sensiisg means pcDsriiiiiig a signal to said oontxol veanst 
said oontxol weans preventing actuation of said drain neans when the 
tanperature sensed by said tecqpexature sensing means is belw a 
panedetezmined tenperature. 

9. :Fhe inproued fuel pnxaessor aooocding to Qain 6 ^#ierein 
tte inprovenent further ooRpudses heater means disposed witiiin the 
ciianter. 

10. !Ete isiproved fuel processor aceccding to Clfllm 9 %texein 
said control neans Ttrx^ilfttfis the heating effect provided by said heating 
means in response to said signal provided by said teiperatore sensing 
means* 

11. !Ete irponoved fuel pcooessor according to Claim 9 ^^lerein 
said heater means ccnprises an electrical resistance heater. 
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12. In a fuel ponaoessor operative to separate out vater car 
other iiipuritiesi fran the fuel, the fuel processor interoonnected to a 
fuel circuit ^dherein the fuel is punped from a fuel tahk« ^ circulated 
vdthin the fuel processor sn5 retuzT^ to the fuel tank, the fi^l 
processor including a chanter ada^sted to receive the fuel fla^g 
therethrough, the water in the fuel or other iirpurities being separated 
into a 4owes^ -portion of the dianiberr the iirprovesient ocanprising: 

chanber quantity sensing means 
located in the chaxdber for destecting 
the presence of at least one 
predetexxnined quanti'fy of mter or 
other iiipurities therein; and 

drain means actuatable to discharge a 
substantial portion of the water or 
other jjipirities fran the chanber in 
response to the detection of said 
predetennined quantity of water or 
ijspurities by said chax±»er guanti't^ 
sensing means; 

\d>ereiby the quantity of said water or other inpurities in the chanter is 
seintalned at or teloM' said predetentdned quantity. 

13. ijsproved fuel prooassor according to Claim 12 wbezein 
said charter quantity sensing means ocnprises at least one electrical 
contact disposed within the side surface of tte chanteTr said 
improvement further ccqprising control means for causing actuation of 
said drain ireans in response to the detection of said predetermined 
quantity or other iiqgwrity in the dwnter. 
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14. Tte iiaprave5 fvel ys L o oi hs o r Msconiijsg to dain 13 wherein 
a first find seoonS sensing means are prwided located at capposing sides 
of the diai±er. 



15. The ijnprooed fuel pOLO o essor accxsrding to Claim 14 %4ierein 
the fuel processor is adapted fdor use an a votor vehicle and vAierein 
said first and second sensing Beans axe QrieRted in the £ace and aft 
directions of the rctor vehicle. 



16. trhe improved fuel pocoaessor according to Claim 14 vh^sin 
said control means caos^ actuation of said drain means only «hen both 
said first and second sensing means detect the poresenoe of vater oar 
otter impurities in the chanber. 

17* !Ihe i i tpgo v ed fuel pQcx)cessQr according to Claim 14 iterein 
said control means causes actuation of 59id drain means only vtoi bot^ 
said first and second sensing means detect tte presence of water or 
other ispurit^' in the dianber for at least a first preselected time 
period, 

18. The iiiproved fuel processor according to Claim 13 wherein 
said control system causes deactuation of said drain means after a 
second poceselected time period has elapsed* 

19. ^ improved fuel processor according to Claim 12 ^dierein 
the fuel processor further inckdes temperature sensing means* 

20« The improved fuel pococessog: acootrding to Claim 19 ^^lerein 
said teoperature sensing means prosdding a signal to said control means, 
said control means pre v en t ing actuation of said drain means vhen the 
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toperature sensed by said ten|3eratixre sensing neans is belo^ a 
poredetezmined temperature, 

21. Ite inproved fuel processor according to Claim 20 vjherein 
the iioprosrenent further oonprises heater means disposed within the 
diariser. 

. 22. 7!he inprcTved fuel ponDoessor according to Claim 21 vterein 
said control means modula t es the heating effect pirovided by said heatijog 
means in response to said signal prodded by said tenperature sensing 
maans. 

23. TSiB' icproued: fuel fxpocessor according to Claim 21 idserein 
said heater means oonplBes an electrical sesistanoe heater. 

24. 3te iiiproved fuel . processor according to claim 12, 
\riherein said chaj±ier quantity sensing means is also adapted to detect 
the presence a second quantity of said vater cor other impurities 
vithin. said c^nnter/ said iitprovement further including control means 
for causing actuation of said drain means in ze^onse to tlie detection 
of said predeteaidned quantity of water or other inpurltiw in the 
dhanfcer and for causing deactuation of said drain means in response to 
detection of said seccnd quantity of water cbc other inpurities in the 
chanber, said predetermined quantity being greater than said second 
quantity, vtereby the quantity of said water or other inpurities is 
maintained generally between said predetermined quantity and second 
quantity. 

25. Ite improved fuel processor aooording to claim 24, 
wherein said drain means is actuated and deftctuRted autoraatically by 
said oQontrol means in response to the detection of said respective 
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predeterrdJiea and secxsnd quantities of water or other irpariSls^t^i?® 
the dOTber, wherdijy the quantity' of vater or other iinpurlties is 
autcraatically xraintained generally between said preaeternined quantity 
and said secxnd quantity even %ten the fuel processor is unattended. 

26. Ote inproved fioel processor acxxsrding to cOain 12, 
therein said dianber quantity sensing means include&'Ctenber pondbe seans - 
piTDtudiJig in a generally vertical direction into the lower portican of 
FPjf^ cteber, said chaniser probe neans being adapted for detecting the 
poresenoe of a pcedetenmmd leiyel of said rater or other iispurities 
therein generally ocrrespcsnding to said pocedetenained quantity and for 
generating a first signal to indicate the pcesenoe of said predeterndjiad 
quantity. 



27. Ihe imprcmd fuel porooessor according to claim 26, 
further ocnprising autoraatic control, weazis for receiving said first 
signal and for atztonBtically actuating said drain loeans in response to 
said first signal. 



28. !l!he inyroued fuel pirocessar aooonding to claim 27, 
wherein said dbanber probe means is further adapted for detecting the 
presence of a level of said vjater oar other inpurities lower than said 
predetennined level in said lower portion of said chanber atid for 
generating a second signal to indicate the presence of said lower level, 
said autcnatic control neans further being adapted to autccatically 
deactuate said drain xneans in xe^onse to said secxxid signal, iterd^y' 
the quantity of wter or othar inpurities within said dsanbex is 
autOTRtically loaintained generally between said predetennined quantity 
and a lessor quantity ococresponding to said lower level. 
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29. TfB inprcved fuel processor acoording to claim 21, 
vherein said chanter prcibe neans coiprises at least one elcrigated prcte 
protnjflij»g in a generally vp^ardly direction into the lower portion of 
the chanber, said prc±>e being adapted to generate distinct signals when 
esqposed at various points aDong its length to cne or jiore fliuds having 
distinct electrical characteristics , said automatic oontrol means being 
adapted to differentiate between said distinct signals in order to 
actuate and deactuate said draij) nieans in response to said first and 
second signals, respectively. 

30. The iznproved fuel processor according to claijn 29, 
\^ierein said drain neans includes a solenoid-cperated valve ad^ted to 
provide oonnunicaticn therethroasgh between the interior of said lower 
porticxi of said chanber and the exterior of said fuel prooessor means to 
discharge said substantial portion of said vater or other ijrpurities 
v^ien said solenoid-operated valve is actuated, said solenoid-operated 
valve further being adapted to prevent said oomnunication when said 
Bolcnoidhoperated valve is deactuated. 

31. The improved fuel processor aooording to claim 20, 
\4ierein fiaid drain means further includes purnping means cperatively 
connected to said solenoid-<:perated valve, said punping means, being 
actuated and deactuated by said control means in cortjunction with 
re^)ective actuation and deactuation of said solenoid-operated valve. 

32. Wie ijtproved fuel prooessor according to claim 30, 
vjherein said dianber probe means oortprises a pair of said elongated 
prdbes protruding generally t:ipwardly into the lower portion of the 
dhairber, said dianber probes being separated but located closely 
adjacent to one another relative to the distance frcn said prdbes to the 
vail of the chanter and being ad^yted to generate distinct signals when 
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exposed at various oacTespcnding levels along eadn of 

one or ttore fluids lAdA have distinct electrical dharacteristics and 

extend between said tranter prcbes. 

33. The inpznved fuel processor according to clain 13, 
further canprising chanter tatperature sensing neans located In the 
lower portion of the ciianber and adapted to generate a low tenperature 
signal in response to detection of tenperatore belo? a pcedeterndned 
tenperature level in the lower portion of the dianber, said control 
neans being adapted to receive said 1cm tacperatuze signal and to 
autoiBtically prevent actuation of said drain means in response thereto. 
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34. A fuel processing systen cperatlve to separate out water 
fnxn said fuel, said fuel processing system ocmducting said fuel from a 
fuel tanX, and returning said fuel to said fuel tank, said systes? 
conprising: 

a fluid-tight dianber having a fuel 
inlet and a fuel outlet, said fuel 
and said water being substantially 
s^>arated in a lower porticn of said 
charter; 

drain neans actuable to discharge a 
substantial portion of said water or 
other inpurities frm said dianber; 

an inlet conduit conducting said fuel 
frcn said fuel tank to said dbaidber 
fuel inlet; 

an outlet conduit coiducting said 
fuel fron said cimber fuel outlet; 
and 

punp means interconnected to cne of 
said conduits* 

35. !nie fuel processing systsn of claim 34 further ocni^ising 
fuel tax^ quantity sensing means located in said fuel tank for detecting 
tise preseofioe of at least one predetennined quantity of said water, end 
control means actuable to cause said poup means to cause said fuel to 
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f Iw vithin said dianter in zespcsnse to the detection by said fuel tank 
sensing neans of said pxedetexndned quantity of said mter. 

36. ^ fuel processing system of d&im 35 further cxnpdsing 
f fuel taiik teqperatuxe sensing means located vithin said fuel tank, said 

fuel tank tenperature sensing neans providing a signal to said punp 
means to cause said pmp neans to cause said fuel to floti within said 
chaniser in zespcnse to a sensed tenperature above a predeterndned 
teni^erataxe level tbei^ preventing ixtpioper operation of said punp 
resulting fxon ice being introduced therein. 

37. ^She fuel pcooessing system of dLaim 34 iidherein said puip 
Beans is iixtercosmected to said inlet ccndoit and said drain means 
ocrrprises a solenoid-asperated valve. 

3B. The fuel pirooessing systesn of claim 34 Wherein said punp 
neans is interooonected to said outlet conduit and sa i d drain neans 
oonprises a punp. 

39. Ihe fuel pirooessing system of claim 38 wherein said pucp 
is a positive di^laoenent type. 
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